NASA CR 



m 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 



(NASA-CB-134101) HEAT TRAHSFER TESTS OF N74-33321 

AH 0«006-SCALE THIN SKIN SPACE SHUTTLE 
TUEBHOCOUPLE MODEL (41-0) IN THE LANGLEY 

RESEARCH CENTER VARIABLE DENSITY (Chrysler Unclas 

Corp.) 243 p HC $15.25 CSCL 22B G3/31 48544 


SPACE SHUTTLE 



aerothermooynamic data report 


JOHNSON SPACE CENTER 
HOUSTON, TEXAS 


D4T4 Jliiniasement services 

^ SSSJSBiSS 


August, 197^ 


DMS-DR -2096 
NASA CR-13U,101 

HEAT TRANSFER TESTS OF AN O.OO 6 -SCALE THIN SKIN 
SPACE SHUTTLE THERMOCOUPLE MODEL (Ul-O) IN THE 
LANGLEY RESEARCH CENTER VARIABLE DENSITY 
TUNNEL AT M = 8 (OH13) 


D. G. Walstad 
Rockwell International 


Prepared under NASA Contract No. NAS9-13247 


Data Management Services 
Chrysler Corporation Space Division 
New Orleans, La. 7 OI 89 


Engineering Analysis Division 
Johnson Space Center 

National Aeronautics and Space Administration 
Houston, Texas 




WIND TUNNEL SPECIFICS: 


Test Nuniber: 
NASA Series No: 
Model Number: 
Date: 

Occupancy : 


LaEC/VDT 64U 

OH-13 

Ul-O 

13 June 1973 
8 Hours 


FACILITY COORDINATOR: 


David R. Stone 
Mail Stop 163A 
Langley Research Center 
Langley Station 
Hampton, Virginia 23665 

Phone: (80U) 827-2^83 

PROJECT ENGINEERS: 

D. 6. Walstad 
Rockwell International 
Space Division 
122lU Lakewood Blvd. 

Mail Code AC07 

Downey, California 902Ul 

Phone: (213) 922-U600 


P. Laving 
NASA 

Langley Research Center 
Bldg. 12l»7A 
Langley Station 
Hampton, Virginia 23665 

Phone: (80U) 827-329^ 


SATA MANAGEMENT SERVICES: 

This document has been prepared 1:^: 



D. A. Sarver/M. J. Lanfranco 
Liaison Operations 

B. W. Myers 
Data Operations 





This document has been reviewed and is approved for release: 


<fC>A.N. D. Kemp 

Data Management Services 



Chrysler Corporation Space Division assumes no responsibility for the 
data presented other than display characteristics. 


HEAT TRANSFER TESTS OF AN 0.006-SCALE THIN SKIN 
SPACE SHUTTLE THERMOCOUPLE MODEL (Ul-O) IN THE 
LANGLEY RESEARCH CENTER 
VARIABLE DENSITY TUNNEL AT M = 8 (OH13) 

By 

D. G. Walstad, Rockwell International 
ABSTRACT 

This report presents data obtained from heat transler tests on an 
0.006-scale, Space Shuttle Orhiter Vehicle in the Langley Research Center, 
Variable Density, Mach 8 Wind Tunnel. The purpose of this test was to 
obtain orbiter entry heating distributions and to correlate phase change 
paint data with thermocouple data. The orbiter was tested at 0, 30, and 
35 degrees angle of attack at Reynolds numbers of 1, 2, 3, and 6 million 
per foot . Temperature data were obtained from a total of 57 thermocouples • 
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NOMENCUTUHE 


STMibol Plot Sroibol 
b 

b/2 


g 

h H 

href HO 

H 

Ho 

»av 

Hw 

k 

N MACH 

ORB ORB 

P 

Po 

Poo 

• 

q 

4ot 

R 

r HAW/HT 

R* 

Rq/1 RN/L 


Definition 

Model skin thickness, Inches 
Percent span, >dng 

Specific heat of model material, BTU/lbm-**R 

Specific heat at constant pressure of 
alrstream, BTU/lbm-*R 

Gravitational constant, ft/sec^ 

Heat-transfer coefficient, BTU/ft^-sec-®R 

Reference heat transfer coefficient, 
BTU/ft2-sec-«R 

Enthalpy, BTU/lb 

Stagnation enthalpy, BTU/lb 

Adiabatic wall enthalpy, BTU/lb 

Model wall enthalpy, BTU/lb 

Thermal conductivity coefficient, BTU/ft-'iec-*R 

Mach Number 

Orbiter 

Static pressure, psia 
Stagnation pressure, psla 
Tunnel free stream pressure, psia 
Heat flux, BTU/ftR-sec 

Stagnation-point heat-transfer rate oaloulated 
using Fay and Riddell's equation, BTU/ftR-sae. 

Gas constant, Ft-lb/slug-*R 

Adiabatic wall temperature ratio, Tjn/t^ 

Reynolds Nunber 

Unit Remolds nuflA>er, par foot 
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NOMBNCIAIURE (Continued) 


S;wiibol 

Plot Symbol 

1 

1 

^8 

- 

Radius of sealed one-foot sphere, inches 

T 

- 

Temperature, 

To 

- 

Stagnation temperature, *R 

Tw 

• 

Model uall temperature, 

t 

- 

Time, see. 

u 

- 

Velocity, ft/sec 

W 

- 

Density of model material, Lbw/ft3 

X 

- 

Longitudinal distance coordinate, feet 

a 

ALPHA 

Model angle of attack, deg. 

w 

- 

Viscosity of air 

p 

- 

Density of air 

Subscripts 


Svidx>l 

Plot Syiibol 

pefinition 

aw 

- 

Adiabatic mall 

m 


Tunnel free stream conditions 

0 

0 

Tunnel stagnation conditions 

w 


Model mall conditions 

Superscripts 


Symbol 

Plot Symbol 

Definition 

1 


Conditions behind shock 
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NOMENCLATURE (Concluded) 
ADDITIONS TO STANDARD NOMENCLATURE 

Plot 


Symibol 

Symbol 

Description 

h/hj,ef 

H/HO 

ratio of local heat transfer coefficient to 
reference heat transfer coefficient. 

X/L 

X/L 

longitudinal position expressed as ratio of 
distance from orbiter nose to actual orbiter 
length. 

X/C 

X/C 

chordwise position expressed as ratio of 
distance from leading edge to chord length. 

Y(BP) 

Y(BP) 

distance from orbiter centerline in outboard 
direction. 

2Y/B 

2Y/B 

spanvise position expressed as ratio of 
distance from fuselage centerline in the 
outboard direction to one half the span length 

8 

BETA 

angle of sideslip, degrees. 

«e 

ELEVON 

surface deflection angle, positive deflection 
trailing edge down; degrees. 

«r 

RUDDER 

rudder deflection angle, degrees. 


CONFIGURATION INVESTIGATED 


The orbiter was an 0.006-scale representation of the modified VL70-000089B 
lines. The main body lines were defined by Grumman drawing SS-H-00326-11 
and the nose was defined by Drawing SS-H-00326-15. The orbiter was con- 
structed of Grumman material ”G" (Sty cast) with thin skin, 15-5 PH stain- 
less steel inserts. The inserts were located on underside centerline 
region, left-hand wing underside and left-hand windshield. Thermocouples 
were spot welded to the skin and clamped in bundles at convenient locations 
within the model. The model had no provisions for elevon, rudder, or body 
flap deflections. 

The model configuration consisted of the following components; 

Description 

Fuselage per -89B lines, 2A configuration 

Orbiter canopy used on fuselage Bj^q 

Manipulator housing per -93 lines, 2A configuration 

Aft body flap used on fuselage B^q 

OMS Pods per -9*»A lines, 2A configuration 

Centerline vertical tail, double wedge airfoil 
with rounded leading edges 

Wing per -93 lines. Used on fuselage B^q 

Table III and Figure 1 provide a detailed description of the model com- 
ponents. 


Co raponents 

Bio 

C5 

FU 

M3 

V5 

% 


7 


MODEL INSTRUMENTATION 


The orbiter ms inetruawnted with 57 Iron-constanian themocouples spot 
welded to thin skin (nominally 0.030~ineh) 15-5 PH stainless steel inserts* 
The leads were 50 feet in length and were connected to 18 pin connectors. 
The exact location of each thezsocouple is presented in Table IV and 
illustrated in Figure 2. 


TEST FACILITY DESCRIPTION 

The Langley Mach 8.0 Variable-Density i^jrpersonic tunnel is located in 
Building 1247D and is under the direction of the Aeropbysics Division. This 
tunnel is used for fundamental aerodynamic and fluid dynamic investigation 
over large Reynolds Number ranges obtaining pressure and heat transfer 
measurements. The test medium is air and is heated by a combination of 
dowthena and electrical resistance heaters. The models are sting mounted 
with Indeetion from the bottom of the test section after flow has been 
established. The tunnel has an axially lyrntric contoured nossle. The 
tunnel cross section is 18 inches in diameter with a core of 4 to 14 inehes 
depending on pressure. 


Examples of operatiimt conditions are as follows: 
Stagnation pressure (peia) 

Stagnation temperature **(R) 

Naoh Itaber 
Reynolds Nuid>er (1/Pt) 


15 to 2930 
1160 to 1510 
7.5 to 8.0 

0.1 X 10^ to 12.0 X 10^ 


Runaimg tims (see» for 
Bdiaust into vmeuum tank 
inhaust into Atmeephsre 
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test procedures 


Heat transfer data were obtained by measuring the temperature rise ove/ a 
period of time from a total of 57 iron-constantan thermocouples. The 
model was injected into the flow stream from the bottom of the test 
section and held on tunnel center line for approximately 3 seconds, during 
which time temperature measurements were taken. Model angle of attack 
had to be preset manually before securing the test section for testing. 

A maximum of 5^ thermocouples could be recorded at any given time. Tem- 
perature measurements were collected through the Beckman Data Acquisition 
system. The thermocouple leads were routed through the model support 
system and connected to a connector panel. Leads that were exposed to 
flow conditions were wrapped with asbestos tape. 

Prior to testing, a thermocouple heat response check, through the data 
system, was performed on all thermocouples. As an aid in making this 
check, a fiberglass mask with thermocouple locating holes in it was pro- 
vided. By placing the tip of a soldering iron to the hole, an accurate 
and quick response covild be obtained. 

The model was leveled in pitch and roll by means of a leveling block which 


attached to the top of the orbiter. 


DATA REDUCTION 


Heat transfer data were computed using the following equations and pro- 
cedures ; 

The thermocouple heat-transfer data were reduced by the one-dimensional 
thin wall equation: 

4 = Web Btu/ft^-sec 

dt 

where the symbols are as defined in the Nomenclature section. 

The theoretical stagnation-point heat-transfer rate was calculated using 

Pay and Riddell's equation: 

0.5 O.U 0.5 

4ot»0-9»» (Pw^w) (pX/Pw^'w) (Ho -K,,) (du/dx) 

where 

Q.02^2 X 10*^ T°-^ 

^ 1 + (220/t) 

and 

(1/rg) [2RT (1 - P«/P4]°‘^ 

Local heat transfer coefficient for each thermocouple was computed by: 
^local " r Tq-T^ 
at r = 1.0, 0.85 

The ratio of the local heat-transfer coefficient to the reference heat- 
transfer coefficient was coinputed by: 
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data reduction (Concluded) 


t 

% 


h 

^ef 

where 

h - 

"ref rTo - T^ 
at r = 1.0 

The ratio of the heat-transfer coefficient at adiabatic wall-tenqperature 
ratios of r = 0.85, 1.0 to the reference heat-transfer coefficients was 

computed. 
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TABLE I 



REYNOLDS NUMBER srAGNATION PRESSURE ^AGNATION TEMPERATURE 
MACH NUMBER ygjj |gpgj|,j (pounds/sij. inch) , (degtees Fahrenheit) 



CAPACITY: 


ACCURACY: 


COEFFICIENT 

TOLERANCE: 


NF 

SF 

AF 

PM 

RM 

YM 


COMMENTS: Model Instrumented with 57 iron-constantan thermocouples 





TABLE II 
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TEST RUN NUMBERS 
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TABLE III. - MODEL DIMENSIONAL DATA 


MODEL COMPONENT: Body - (Biq) 

f 

GENERAL DESCRIPTION: Fuaelgge. 2A Configurptlon lightvelght orblter. 
o«>r Rockwfell Itnea VL70 000089B model scple ■= 0.00593 


VL70"000C89B 

DRAWING NUMBER , VL70 -000092 . 93 » 94A 


DIMENSION : FULL SCALE 

Length •• in 1326.3 

Mox Width in (0 Xq - 1528.3) 265.0 

Mox Depth in (0 Xq “ 1480.52) 248«0 

Fineness i^otlo ^.012 

Areo FT^ 

Max Cross-Sectional 
Planform | 

Wetted 


MODEL SCALE 
7.87682 
1.57145 ~ 

1.47064 

5t012 


0.01605 


TABLE III. - Continued. 


MODEL COMPONENT} Orblter Cynopy (C 5 ) 

GENERAL DESCRIPTION: Orblter cpnopy for llghtvtelght Model Scple ” 0.00593 


DRAWING NUMBER . VL 70 000092 


DIMENSION: 

FULL SCALE 

MODEL SCALE 

Stu. fWd bulkhepd In. ■ 

391.0 

2.31063 

Ste. TB - in. 

Crnopsr body intersection, in. 

560.0 . . 

3.32080 






TABLE III. - Continued. 

MODEL COMPONENT: M.anipul«tor Housing (D7) 

GENERAL DESCRIPTION: 2A configuration per Rockwell lines 

VL70 000093 “ model scele *» 0.00593 


DRAWI NG NUMBE R VL70 000093 . 

DIMENSION: 

SS-A-00092 
FULL SCALE 

MODEL SCALE 

Length • in 

881.0 

5»22433 

Mox Width • in. 

51.0 

0.30243 

Mox Depth - in. 

23.0 

0.13639 

Fineness Ratio 



Areo 

Mox CrosS'Sectionoi 


- 

Plonform 

- 

“ . - 

Wetted 

- 

- 

Bose 

• 

- 


Location at: 

0 fuselage BP *■ 0.0 

WP » 500.0 in FS 

Xo 426.0 to X© 1307.0 in. FS 

! 
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TABLE III. - Continued. 


MODEL COMPONENT: Body Flap (F 4 ) 

GENERAL DESCRIPTION: Aft body flep used on llghtwight orblter 

configuration. Model Scsle ” 0.00593 


DRAWING NUMBER 
DIMENSION: 


Length , in. 

Max Width* in. 

Mox Depth 
Fineness Ratio 
Areo, FT2 

Mox Cross-Sectionol 

Plonform 

Wetted 


FULL SCALE MODEL SCALE 


efc.70 

26S.00 


142.64 


38.65 


0.50227 

1.57U5 


0.00502 


0.00136 


TABLE III. - Continued. 


MODEL COMPONENT: OHS Pod (M^) 

GENERAL DESCRIPTION: 2A Idghtvelght orbit er configuration per Rockvfell 

Itnea VL70 00009itA . _ _ _ _ — — 


Model Scpie ° 0.00$ 93 

DRAWING NUMBER . VL70 00009LA. SS A- 00092 

DIMENSION: FULL SCALE 


Length 346.0 

Mox Width 108.0 

Mox Depth 113. A 

Fineness Rotio ~ 

Areo 

Mox Cross-Sectlonol ~ 

Plonform - 

Wetted 

Bose ~ 


MODEL SCALE 
2.05178 

0. 64044 

0.67483 


(jf of OHS pod . . 

' Zo * 463.9 in ?S: WP400 + 63.9 - 463.9 in FS 
To " 80.0 in FS . „ 

Length: Xo 1214.0 to X© 1560.0 - 346.0 in FS 


c 


TABLE III. - Continued. 

MODEL COMPONENT; WING (Wff7) Ughtwel.;ht Orbiter 

GENERAL DESCRIPTION: Orbiter confl<;ur"tlon per Rockwell lines VL70-00093. 

Model Scale « 0.00593. 

Note: Dlhedr?! engle is defined pt the lower surfpce or the wing rt 

the 75.33 percent eleaenb line pr ojected into e plena perpendicul ar 
TF^T m DWG. NO. VL70-000093 


TEST NO. 

DIMENSIONS; 

TOTAL DATA , 

Area (Theo.) Ft^ 

Planform 
Spar. (Theo In. 

Aspect Ratio 
Rate of Taper 
Taper Ratio 

Dihedral Angle, degrees 
Incidence Angle, degrees 
Aerodynamic Twist, degrees 
Sweep Back Angles, degrees 
Leading Edge 
Trailing Edge 
0.25 Element Line 
Chords; *■ In. 

Root (Theol B.P.0.0* 

Tip, (Theo) B.P. 

MAC 

Fus. Sta. of .25 MAC 
,W.P. of ,25 MAC 
B.L. of .25 MAC 

EXPOSED DATA , 

— mi ’(TKeo) Ft^ 

Span, (Theo) In. BP108 
Aspect Ratio 
Taper Ratio 
Chords 

Root BP108 
Tip 1.00 b 

MAC ^ 

Fus. Sta. of .25 MAC 
W.P. of .25 MAC 
B.L. of .25 MAC 

Airfoil Section (Rockwell Mod NASA) 
XXXX-64 

T/C«Root b - 0.485 

7 

T/C«Tipb- 1.00 

7 

Data for (1) of (2) Sides 
Leading Edge Cuff « 

Planform Area Ft^ „ . ^ 

Leading Edge Intersects Fus N, L, • Sta 
Leading Edge Intersects King 9 Sta 


FULL«SCALE 


2690.0 


0-200 

^•^00 


+3.000 


47A.m_ 


1752.29 

, ,720*^ 

g.05A 

0«2651 

562.40- 
-U3ZJIS- 
393.03 
1185 JaZ 


0.10 


MODEL SCALE 


0.09459 


0.200 




3S.209 

4.08919 



■, 4 . 72424 , 

1.08003- 


0.0616S 


3.33503- 

O.glTAL 

2.33067 


1.7P019 

0»85250- 


.320P0 
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TABLE III. - Concluded. 


MODEL C0MP0NE^^T : VERTICAL (V^) Llghtvftipht orbiter configuration 
GENEWy. DESCRIPTION: Centerline vertlcpl tell double ved<;e ptrfoll with 

rounded lending edge. 


Model Scple » 0.00593 , 

DRAWING NUMBER: VL 70-000095- SS-A-00092 


DIMENSIONS : 

TOTAL DATA 

Area (Theo) Ft^ 

Planform 
Span (Theo) In 
Aspect Ratio 
Rate of Taper 
Taper Ratio 

Sweep Back Angles, degrees 
Leading Edge 
Trailing Edge 
0.25 Element Line 
Chords: 

Root (Theo) WP 
Tip (Theo) WP 
MAC 

Fus. Sta. of .25 MAC 
W. P. of ,25 MAC 
B. L. of .25 MAC 
Airfoil Section 

Leading Wedge Angle Deg 
Trailing Wedge Angle Deg 
Leading Edge Radius 
Void Area 
Blanketed Area 


FULL-SCALE 


a?.25 


1 . 6 * 


2X 


.avM 

0,U0U 






2i 


gSft.SO 


0.0 


10.00 


2^ 






MODEL SCALE 


0.01453 

Tmss 

rTTT" 

.i04 





1.59220 



10.00 


6 . 611 ^ 

O.OOOM 
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TABU! 1V« Orbiter Thermocouple Location 


* Location 




Remarks 


.033 |Y=.0k7| .1536 ;vindflhleld 


.031 Y-.OU? 


.034 y».047l .1604 


.0375^ Y=. 213 .1588 


Y*.196 .1657 


Y-.178 .1724 


.0875 iFUMlage 


.033 I Y«0 


8 i .032 


.031 


10 I .0305 


U .030 


12 .031 


13 I .0295 


15 1 . 02^’5 


16 


17 ! .0312 




lb 


io .031 


20 .0295 


X/C Skinl* Location 
No. T 


31 |.O.n 5 |Y». 4 l"> 1 1.00 


b/2«.40 


33 1.033 


34 .0312 


35 .033 


36 .0335 


37 .032 


.0315 


39 1.0315 


40 .0310 


41 1.034 |b/2-.6o| .175 


44 1.033 


45 .032 


Remarks 




b/2*.60l .250 


22 .0305 


.0285 Y-.415 


24 I .0285 


25 .0315 


26 .0325 


27 .0320 


28 .0315 


29 .0325 




model scale, in. 

x/c-U/c‘« 32 i 7 ) 


52 1.033 


\mrnmi\ 


54 .032 


21 












































































































































Oarbiter T/C Locations. 




































DATA FIGURES 
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LONGITUDINAL POSITION* 

heat transfer coefficient ratios on arbiter boot 
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heat transfer coefficient ratios on orbiter body 
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LONGITUDINAL POSITION. X/L 

TRANSFER COEFFICIENT RATIOS ON ORBITER BODY 

300 HAW/HT= ,850 YCBP3 = 70.000 
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LONGITUDINAL POSITION. X/L 

TRANSFER COEFFICIENT RATIOS ON ORBITER BODY 

X)0 HAW/HT= 1.000 YCBP3 = 70.000 
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LONGITUDINAL POSITION* X/L 

TRANSFER COEFFICIENT RATIOS ON ARBITER BODY 

X» HAW/HT= .850 YCBP3 = 70.000 




LONGITUDINAL POSITION* X/L 

TRANSFER COEFFICIENT RATIOS ON ORBITER BODY 

300 HAW/HTs 1.000 YCBP3 = .000 





LONGITUDINAL POSITION. X/L 

TRANSFER COEFFICIENT RATIOS ON 0RBITER BODY 
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TABULATED SOURCE DATA 


Tabulations of plotted data are available on request from 
Data Management Services. 
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